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Lig Lignin

MJ Mega joule

N Nitrogen

NDF Neutral detergent fiber

Org. Organisms

P Phosphorus

PCR Polymerase chain reaction

RIA 1 Research institute for aquaculture No. 1

RSD Red spot disease

SRS Self-recruiting species

TV Television

USD US dollar

VND Vietnamese dong

8.1 Role of Aquaculture in Vietnam

Aquaculture has a long tradition in Vietnam, predominantly in the lowlands and

coastal areas. Since the establishment of the General Fisheries Department in 1960,

the development of aquaculture has been one of its focal activities. For the next two

decades, the Department’s activities were exclusively targeted at increasing fish

production for domestic consumption, and were expanded to upland areas in

conjunction with the expansion of paddy rice irrigation schemes in later years.

Since 1980, the focus has shifted towards export production, with marine

crustaceans initially the key product, and more recently Pangasius catfish

(Pangasianodon hypophthalmus and Pangasius bocourti) (FAO 2006a). The direct

and indirect governmental support provided to the aquaculture sector has resulted in

the rapid growth of aquaculture production (Fig. 8.1), and the different policies

developed are reflected in the production data for aquaculture in terms of

the domestic supply and consumption of fish and seafood (Table 8.1). While the

production of marine crustaceans and Pangasius catfish is mainly for export, the

aquaculture of carp and tilapia species bred in freshwater is highly important in

the supply of animal protein to the Vietnamese population at the national level. On a

regional scale, in remote areas such as the uplands, the food supply from aquacul-

ture can only be assured based on regional production, as fish are highly perishable,

and with a generally poor infrastructure the cost of transporting goods from the

lowlands may exceed the production costs.
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8.2 The Integrated Agriculture-Aquaculture System Used

by Black Thai Farmers in Yen Chau District

The integration of fishponds into the agriculture system is common among the

ethnic Black Thai, a group settled predominantly in the mountainous regions of Son

La province in north-western Vietnam.

Within the overall framework of the Uplands Program, Steinbronn (2009)

described the locally integrated agriculture-aquaculture system used in Yen Chau

district in Son La province, a system characterized by the polyculture of carp and

tilapia fish species, with the main species being grass carp. The ponds used are

integrated into the overall irrigation scheme as well as into the farming system,

within which crop residues, leaves and weeds, as well as manure from large

ruminants and pigs serve as feed and nutrient inputs.

Although the system has features usually associated with intensive systems, such

as being feed-based and involving frequent water exchange (Edwards et al. 1988),

Fig. 8.1 Aquaculture production in Vietnam – 1950–2009 (FAO 2011)

Table 8.1 Fish and seafood production and consumption in Vietnam – 1975–2005 (FAO 2012)

Year

Total

population

(million)

Fish and seafood (1,000 t)

Protein supply per capita

per day (g)

Production Import Export

Domestic

supply Total

From

animals

From fish

and seafood

1975 48.0 546 3 3 545 44.3 7.2 3.3

1980 53.3 559 2 3 557 45.9 7.1 3.0

1985 59.8 808 0 32 776 47.3 9.0 3.2

1990 66.2 939 0 57 881 49.2 9.9 3.5

1995 73.0 1,465 29 131 1,363 55.2 12.3 4.4

2000 78.7 2,097 12 408 1,701 60.9 15.8 5.5

2005 84.1 3,367 547 1,070 2,844 71.1 22.0 7.4

FAO (2012) Food balance sheets
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annual fish yields are relatively low, at only 1.5 tons per ha per year, as compared to

other integrated carp polyculture systems in northern Vietnam which have reported

yields up to 6.7 tons per ha (Red River delta) (Luu et al. 2002). Nevertheless,

Steinbronn (2009) showed that aquaculture production contributes significantly to

food security, generates income and plays a significant role in farmers’ livelihood

strategies. The aim of her study was to provide a detailed and holistic understanding

of the actual aquaculture system used and, in the second phase, to create tailor-made

location-specific solutions that would have the potential to improve the livelihoods

of farmers in an economically, socially and ecologically sustainable way. Data were

collected between 2003 and 2006 based on interviews with fish farmers, village

headmen and other stakeholders, as well as through an in-depth investigation of

individually selected case study farms. Here, resource flows to and from the pond

system were monitored quantitatively. The most important features of this aquacul-

ture system are summarized in the following part of this section.

As stated in Chap. 1, more than half of the district’s population is of Black Thai

ethnicity; settled in highland valleys and along the banks of rivers or streams, where

paddy rice is cultivated. Rice is the major food crop in this region and is predomi-

nantly used for subsistence, while maize and cassava are the main rain-fed crops –

planted on hillsides as cash crops. Bananas and occasionally cotton are planted in

the upland fields, while fruits and vegetables are primarily produced in home

gardens. The common livestock raised here include buffalos, cattle, goats, pigs

and poultry. The mean farm size of the farmers interviewed for the study was

around 1.7 ha, of which paddy fields accounted for approximately 11 % and ponds

9 %. Around 63 % of the households in the study area owned one or more ponds and

produced fish.

Although aquaculture production has a long history in northern Vietnam

(Edwards et al. 1996), aquaculture activities in the study area are a relatively recent

phenomenon, and about half the farmers interviewed stated they had dug their

ponds within the previous two decades.

The average size of the ponds was found to be around 800 m2, most being

earthen. Dykes were concreted only rarely, but surrounded by trees such as bamboo

or fruit trees. Some pond embankments also served as vegetable production areas.

Almost all the farmers had placed tree branches in their ponds to prevent angling or

the use of nets by thieves, as theft is a widespread problem, especially in those

ponds located far from farmers’ houses.

Typically, ponds were constructed either in series or in parallel, and water flows

through the ponds by means of gravity. The water in those ponds located in the

valleys was usually supplied from the shared irrigation system. Activities carried

out by individual farmers, such as the application of pesticides in paddy fields

(Lamers et al. 2011) or even the practice of washing clothes in the canals (Alcaraz

et al. 1993) may have had an influence on connected ponds in a negative way.

Fish are ecto-thermal animals, so water temperature strongly influences their

growth and well-being. The ideal temperature range for fish culture is generally

above 25 �C for most warm-water Asian fish (Cagauan 2001) and feeding activity

tends to decrease or stop at temperatures below 20 �C (Ling 1977). Whereas the
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water temperatures in the study area are close to the optimum during the hot

summer months, they are not satisfactory for fish growth in the dry, winter season

(Diaz et al. 1998), especially in shallow ponds that do not have a source of fresh

water during those periods (Dan and Little 2000). In addition to growth reduction,

immune suppression characteristics have been revealed at the low water

temperatures (Yang and Zuo 1997) occurring within the research area, and so the

relatively cold winters in this area can limit fish production and even kill tropical

species such as tilapia.

As water temperature increases, the dissolved oxygen (DO) content of water

decreases due to the lower oxygen solubility, while at the same time the DO

requirements of the fish increase. Oxygen represents the key limiting variable

within the aquatic environment for fish growth, as the food intake of fish may be

suppressed if their oxygen supply is limited (Ross 2000; Black 1998). In the study

area, low DO levels are regularly observed at dawn, a time when fish are seen

gulping at the pond surface, reflecting emergency respiration behavior.

Inflowing water carries DO into the system, but at the same time also carries

sediments from bare and eroded upland fields. Especially during the hot, wet

season, these sediments frequently color pond water red-brown, and during the

study, the transparency of the water, as measured by the Secchi Disk Depth, was

frequently found to be around 20 cm or even lower. Water is considered turbid

when it has a Secchi Disk Depth lower than 30 cm (Sevilleja et al. 2001), and

turbidity limits photosynthesis due to diminished sunlight penetration; thereby

reducing the internal production of DO.

Fish in the study area are frequently stressed by low DO levels, and it is quite

likely that the potential entry of pesticides and detergents, as well as sediments from

the uplands, which may carry heavy metals (e.g., as a result of weathering of rocks

and soils) into the pond system, may stress fish additionally. All these factors

probably contribute to the relatively low fish yields in Yen Chau ponds.

Available water resources can become scarce, especially during the dry season.

Usually, when paddy fields are irrigated and water is distributed among fields and

ponds, the local irrigation authorities give priority to paddy fields, which in some

cases leads to a complete halt in the supply of water to ponds. In combination with

low rainfall, which was the case during the study phase, this leads to an enormous

decrease in the water level, which negatively impacts on the fish. In severe cases

farmers are forced to sell fish ahead of time.

In general, farmers practice multiple stocking. The main source of juvenile fish

in the research area is a hatchery in Son La town, which was established by the

government in the 1960s and was privatized in 2004. The most important fish

species produced by the hatchery and reared by local farmers are grass carp, mud

carp, mrigal, rohu, common carp, silver barb, the cichlid Nile tilapia and the filter

feeders silver carp and bighead carp. During the study, farmers stocked between

four and eight different fish species at an average fish stocking density of 1 fish

per m2. The continuous supply of young fish is often not guaranteed, thus farmers’

stocking system often depends on the availability of fish rather than on long-term

planning.
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The local hatchery operators as well as farmers have observed a decrease in the

quality of fish fingerlings over the last several decades, reporting low growth

performance of the fish as well as a higher susceptibility of the fish to disease.

There is some evidence that inappropriate management of the local hatcheries, such

as the crossing breeding of fish without considering the degree of consanguinity,

as well as the use of a generally restricted gene pool, has led to a genetic degeneration

of fish stocks.

In terms of nutrients and resources, the polyculture ponds are well integrated into

the overall farming system through manifold on-farm linkages between the fish,

crops and livestock production activities. Figure 8.2 shows some important

resource flows between the fish ponds and other production units on a typical

farm. Usually, the leftovers from one production unit serve as inputs to other

units, and both the production and the purchase of fish feed are rather unusual in

this area. Paddy fields and fish ponds are closely linked to each other; for example,

by a common irrigation system which leads water through paddy fields into ponds

or vice versa. Farmers use weeds, aquatic plants and by-products from the paddy

fields as fish feed, while the most important plant-derived feed inputs from the fields

on the hillsides are leaves from banana, cassava and maize. Animal-derived pond

inputs include manure from large ruminants or pigs. A detailed list of typical inputs

to the fish ponds is given in Sect. 8.3.

Fig. 8.2 A topographical cross-section of the land in the study area and an example of nutrient

flows between different farm activities (Steinbronn 2009). SRS self-recruiting species
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According to the classification of integrated agriculture-aquaculture systems

provided by Prein (2002), the system in the study area is plant based since mainly

aquatic or terrestrial macrophytes are used as feed. The herbivorous grass carp,

which is able to process raw plant material, is the major species that feeds on the

applied green fodder in the study area. However, not all of the plant materials

currently applied have been found to be suitable as feed for the grass carp. Some of

the leaves and grasses applied in the study area showed a limited feed value

(Dongmeza et al. 2009) and several feeds even turned out to have a negative impact

on fish growth (Tuan et al. 2007; Dongmeza 2009; Dongmeza et al. 2010). Further,

the feed base for the non-grass carp species in this pond system is rather limited.

These topics are discussed in Sect. 8.3.

Farmers’ decisions regarding the use of a certain feed at a certain time of the year

are often based on the availability of feed – such as the use of maize leaves during

the growing period, the availability of labor – such as the use of rice bran during

times of higher workloads, and current farming activities – including the use of

weeds after hand-weeding of the crop fields has taken place. Fish diets vary

between ponds, which can usually be explained by the ponds’ locations. Ponds

located next to the farmers’ houses often receive more diverse feed inputs

(e.g., kitchen waste or manure from nearby livestock pens) than those situated

further away.

During our study, the average daily feed application was 196 kg of leaf material

per hectare, which is a third of the feed amount used in intensive leaf-based

aquaculture systems such as the Chinese mulberry dike-carp pond farming system

described by Ruddle and Christensen (1993) or the Napier grass based tilapia

culture described by Van Dam (1993). However, the feed conversion rate of leaf

material used within the Black Thai polyculture was found to be 8.8 (feed DM),

which is comparable to the Chinese leaf-based aquaculture system (Ruddle and

Christensen 1993), but is magnitudes higher than in aquaculture systems that use

higher quality feeds. The high moisture content and the bulky nature of many of the

applied feeds means they require large amounts of labor for their collection and

transportation; for example, during the wet season, farmers spend around 2 h per

day just collecting and transporting fish fodder. However, in some cases, aquacul-

ture activities can be combined with other farming tasks, such as the weeding of

paddy fields which simultaneously produces feed for the fish.

Typically, farmers regularly catch aquatic products for their household consump-

tion and then harvest larger amounts for sale at the end of the major rearing period,

which usually lasts between 1 and 2 years. The produce is sold when the fish reach

marketable size, when money is needed, when farmers have fixed harvest dates with

the fish traders, or when water shortages or fish diseases force farmers to take action.

In general, only big fish are caught, while small fish are kept in the ponds to allow

further growth. During our study, average annual net production of the aquatic

species, including ‘self-recruiting’ species (see below), was 1.54 � 0.33 tons per

ha, of which roughly two thirds was sold. Besides the cultured species, farmers also

harvest naturally entering self-recruiting species which can be fish or other aquatic

organisms such as snails, mussels, crabs or shrimps. These self-recruiting species as
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well as the low-priced fish species such as tilapia, mud carp and silver barb, are

typically consumed within the household, while the higher-priced grass carp is often

marketed. On average, self-recruiting species made up approximately 3 % of the

total live biomass output of aquatic species during the study, whereas the grass carp

accounted for over half (~52 %). The high proportion of grass carp in this pond

system is a result of its ability to use the available on-farm crop residues as major

feed inputs, as well as its ability to grow rapidly. It can also be sold at relatively high

prices. Unfortunately, frequently occurring grass carp diseases have led to high fish

mortality rates in the region in recent years, and around 70 % of fish farmers

interviewed said they had had to cope with this problem in previous years, with

some farmers reporting losses of their entire stocks. So far, the causative pathogen

involved has not been identified. Furthermore, techniques applied by farmers in

order to effectively prevent diseases or cure fish have so far failed. The grass carp

disease is probably the most important restriction in this grass-carp-dominated

aquaculture system, so within the framework of the Uplands Program, research

aimed at diagnosing and preventing this disease, as well as treating it, has also

been undertaken (see Sect. 8.7).

Despite the loss of grass carp, it has been shown that fish production is still a

lucrative business due to the low cost of pond inputs – since usually no off-farm

inputs are required except fish seed, the low opportunity costs for labor and

the relatively high fish prices. That fish is a high-valued commodity can be

shown when comparing the average local price for fish of approximately 1.2 USD

per kg (year 2005) with the average monthly per capita income of approximately

11.8 USD in Son La province (GSO 2004; 1 USD ¼ 18,000 Vietnamese dong).

The interviewed farmers reported that their mean income per household (with an

average of 5 members) had been almost 831 USD for the year 2004, of which

approximately 12 % was derived from sales of aquatic products. However, this

percentage was calculated using data from those farmers who also did not sell any

fish during the year under consideration.

In general, case study farmers produce fish for both income generation and home

consumption. Farmers obtain a high share of their protein intake from aquatic

products, and these products make an important contribution to farmers’ nutrient

intake and especially their supply of animal protein (Steinbronn 2009). It is widely

acknowledged that fish and other living aquatic resources can constitute an impor-

tant component of the human diet; they are considered to be nutrient-dense foods

which provide protein, amino acids, fatty acids, minerals and vitamins (Prein and

Ahmed 2000). While in the past fish production in the study area was predomi-

nantly for subsistence purposes, the system has now become increasingly market-

orientated, with fish the third most important product for the farmers in terms of

income generation after maize and cassava.

The demand for fish in the local market in Yen Chau cannot currently be

completely satisfied by the local fish production alone. In the years 2003–2005,

a road was upgraded to connect the north-western mountains with the country’s

capital Hanoi. As a result, fish from the more intensive aquaculture areas in the
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lowlands, which were (and are) more economically developed than the mountain-

ous region, began to flood the local markets. This development can be expected to

continue, and it is likely farmers will be unable to compete in this market in the

future. In order to produce fish in a sustainable way, the current system must be

improved so that local fish production levels can be increased.

Vietnam is a very dynamic country in terms of its level of agricultural develop-

ment, but its inhabitants will need to adapt quickly and flexibly in order to deal with

frequently changing markets. Currently, aquaculture is only a minor component in

the local farming system, but its importance might increase with greater farm

specialization and market orientation, and it has been widely recognized that

encouraging the further development of aquaculture production can contribute in

a sustainable manner to food security and poverty alleviation in developing

countries (Tacon 1997; Edwards 2000; Prein and Ahmed 2000).

8.3 Current and Potential Feed Resources for the Local

Aquaculture System

One of the factors mentioned in Sect. 8.2 as contributing to the low level of fish

production in these ponds is the limited feed base, both for the grass carp and for the

non-grass carp species. The current and potential feed resources for these species

are discussed below, with the data presented based on interviews with local

stakeholders and on an in-depth investigation into individual ponds during the

period 2003–2006 in Yen Chau district (Steinbronn 2009).

The feed types currently used in the research area consist mainly of plants, either

terrestrial or aquatic, collected from the wild or of the leftovers from cultivated

crops. The typical feed types used are shown in Table 8.2. Important plant-derived

inputs to ponds include cassava leaves, chopped cassava tubers, cassava peelings

and fermentation residues. From banana plants, the leaves and young or soft parts of

older (pseudo-) stems are also used, as are the leaves from maize and bamboo plants

and occasionally from mulberry and vegetables. Additional inputs include the by-

products of rice cultivation, such as rice bran and broken rice, as well as weeds and

aquatic plants. The weed from paddy fields most commonly used for fish feed is

barnyard grass (Echinochloa crusgalli). Animal-derived pond inputs include

manure from large ruminants or pigs, of which buffalo dung is by far the most

important.

Quantitatively the most important feed inputs (on a dry matter (DM) basis) used

during the study period were fresh cassava, banana and maize leaves, weeds

collected from the paddy fields and buffalo manure.

Most of the above feed types cannot be consumed directly by humans; however,

through their application in the ponds, they can be converted into high-value animal

protein. Grass carp is believed to be the major species that feeds on the applied

green fodder, accounting on average for 80 % of the applied feed material used
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(fresh matter, FM) at the case study farms, as this species has to consume large

quantities of plant material in order to obtain the nutrients required (Tan 1970;

Cui et al. 1992, 1994). The gross relationship, in the case study ponds, between the

amount of green fodder applied (FM) and the net gain in grass carp biomass (FM)

showed that 1 kg of grass carp was produced when approximately 68 kg of grass

and leaf material were applied to the pond.

Table 8.3 shows the gross chemical composition of some typical feeds used in

the study area – data partly published by Dongmeza et al. (2009). Most of the feeds

applied here have high moisture and fiber content and relatively low protein

content. Dongmeza et al. (2009) found that the general quality of the applied

feeds was rather poor; however, certain feeds such as cassava and mulberry leaves

contained high crude protein contents (20–30 %) (Dongmeza et al. 2009), though

high protein content does not necessarily indicate a better quality diet, as

demonstrated by authors such as Shireman et al. (1978) and Tan (1970). Low

fiber content is also an important factor, and the digestibility coefficients for

crude protein and gross energy; for example, decline significantly with increased

fiber content of the plant feed (Hajra et al. 1987). As well as the gross energy and

chemical composition, the presence of anti-nutrients may also influence fish growth

(Francis et al. 2001a, b, 2002). Banana leaves; for example, contain tannins and

saponins, and cassava leaves contain cyanides, tannins and saponins, which show

haemolytic activity (Dongmeza et al. 2009).

So far, with the exception of a few items such as duckweed, little information has

been published regarding the types of feed used for grass carp in the study area.

Table 8.2 Plant products used as fish feed (Steinbronn 2009)

Crop or plant type Specification

Cultivated crops

Cassava (Manihot sp.) Leaves, tubers, peel, meal, fermentation residues

Banana (Musa sp.) Leaves, chopped stems

Maize (Zea sp.) Leaves, meal

Rice (Oryza sp.) Bran, blades/straw, sorted grains, husks, fermentation residues

Bamboo (Bambusa sp.) Leaves

Mulberry (Morus sp.) Leaves

Fodder grass Napier grass (Pennisetum purpureum)

Vegetables Leaves and stems from e.g., water dropwort (Oenanthe javanica), sweet
potato (Ipomea batatas) and water morning glory (Ipomea reptans)

Fruits Fruits and leaves from e.g., figs (Ficus glomerata) and tamarind

(Tamarindus indica)

Native plants

Terrestrial plants e.g., Alternathera sessili, Chromolaena odorata, Commelina nudiflora,
Cyperus imbricatus, Cyperus rotundus, Digitaria timorensis,
Echinochloa crusgalli, Eclipta prostrata, Kyllinga monocephala,
Sagitaria sagitifolia, Sporobolus indicus, Urochloa reptans and
Wedelia calendulacea

Aquatic plants e.g., Azolla imbricata, Lemna paucicostata, Pistia stratiotes and
Salvinia natans
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Within the framework of the Uplands Program, feeding trials were carried out in

aquaria and respirometry systems at the University of Hohenheim and in an

aquarium system at the Hanoi University of Agriculture. In the experiments at the

University of Hohenheim, grass carp were either fed a standard diet (control group),

with the standard diet supplemented with dried cassava leaves or weed mixtures

Table 8.3 Gross chemical composition of selected fish feed (Dongmeza et al. 2009; Steinbronn

2009)

Crop

Parts analyzed/

specifications

DM

% of

FM

CP

% of

DM

EE

% of

DM

NDF

% of

DM

ADF

% of

DM

Lig

% of

DM

CA

% of

DM

GE

MJ

kg�1

By-products and leaves from cultivated crops

Cassava Leaves without

petioles (long-

term variety)

28.1 23.4 8.7 29.5 17.8 6.7 7.6 21.0

Cassava Leaves without

petioles (short-

term variety)

28.1 25.9 7.9 27.9 17.6 7.4 6.8 21.0

Cassava Peel (long-term

variety)

38.0 4.0 0.6 23.4 18.6 12.1 6.9 17.1

Cassava Tubers (long-term

variety)

78.6 1.4 0.3 7.5 2.0 0.5 2.5 16.4

Banana Leaves without

leaf veins

20.5 16.1 5.4 49.9 28.8 6.1 7.9 19.5

Maize Leaves 36.7 13.0 2.6 56.1 34.9 6.6 11.0 17.2

Maize Meal 86.9 10.9 6.5 13.6 3.7 0.3 1.4 20.9

Rice Brana (dry) 89.0 7.7 6.5 53.1 40.3 17.2 13.0 18.1

Bamboo Leaves with soft

stems

47.0 16.0 3.5 61.5 39.3 14.3 13.8 17.7

Mulberry Leaves with soft

stems

29.6 25.3 3.0 22.5 15.4 3.9 10.8 17.4

Napier grass Blades of grass 19.8 16.3 2.9 60.5 36.8 6.6 13.6 16.0

Sweet potato Leaves and soft

stems

15.7 17.4 2.9 37.4 24.6 4.5 10.8 17.5

Native plants

Barnyard

grass

Blades of grass,

contains also

flowers

19.2 14.1 2.5 59.3 38.7 6.3 9.9 17.6

Mixed

weedsb
Mix of weeds 14.6 15.6 2.3 62.4 35.7 9.5 13.3 16.9

Values are means of duplicate analysis (n � 2)

ADF acid detergent fiber, CA crude ash, CP crude protein (N � 6.25), DM dry matter, EE ether

extract, FM fresh matter, GE gross energy, Lig lignin (determined by solubilization of cellulose

with sulphuric acid), MJ mega joule, NDF neutral detergent fiber
aRice bran of low quality, partly containing rice hulls
bMix of monocotyles and dicotyles usually collected from paddy fields and dykes (e.g., Alternathera
sessili, Commelina nudiflora, Cyperus rotundus, Digitaria timorensis, Eclipta prostata, Kyllinga
monocephala, Sagitaria sagitifolia, Sporobolus indicus, Urochloa reptans andWedelia calendulacea)
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(Dongmeza 2009), with leaves from banana or bamboo (Dongmeza 2009), or with

the leaves of maize or barnyard grass (Dongmeza et al. 2010). In all these trials, the

leaves and weeds used, with the exception of the maize leaves, came from the

farmers in Yen Chau. In a feeding trial at Hanoi University of Agriculture, grass

carp fingerlings were fed solely on fresh banana leaves, barnyard grass or Napier

grass (Tuan et al. 2007).

In the experiment carried out by Dongmeza (2009), grass carp that were

supplemented with banana leaves had a significantly higher body weight gain

compared to the control group fed the same amount of standard feed only.

In contrast, the growth and feed conversion rate for grass carp supplemented with

dried cassava leaves was generally lower in the cassava-supplemented fish as

compared to the control group, even though these fish received leaves in addition

to the same amount of standard diet as the control group and; thus, a larger amount of

nutrients (Dongmeza 2009). In this case, the authors attributed the lower level of

growth to the intake of anti-nutrients. Lower growth rates were also observed in

grass carp supplemented with either bamboo leaves, barnyard grass or mixed weeds

from the paddy fields, as compared to the respective control groups (Dongmeza

2009; Dongmeza et al. 2010). Groups of young grass carp (~ 20 g) fed solely on

barnyard or Napier grass showed low fish growth rates and many of the fish died

(Tuan et al. 2007). Tuan et al. (2007) concluded that these grasses are probably not

able to support the growth of young grass carp when they are the sole source of food.

Although most of the feed supplied to the ponds in the study area is intended for

grass carp, the observed growth rates were rather low, with an average specific

growth rate of only 0.24 %. While some of the feeds appear to exhibit good

potential as supplementary feed, such as banana leaves and duckweed, others

such as bamboo leaves, cassava leaves, barnyard grass and mixed weeds probably

do not contribute significantly to the growth of fish.

While the feed items that have been discussed so far are most likely eaten almost

exclusively by the herbivorous fish, the by-products of cassava, maize and rice

(other than the leaves) are thought to play a major role as supplementary feed for the

other fish species in the present system. In addition, most of these species are also

known to feed on the natural food available in the ponds.

Quantitatively, the most important supplementary feed types in the case study

ponds were rice bran and cassava peel. The rice bran was usually of low quality and

had low crude protein content, and the peel from cassava tubers was found to be low

in protein and fat and contained considerable amounts of fiber and lignin as well as

cyanides (Dongmeza et al. 2009). Although tilapia, common carp, mud carp and

mrigal are known to be able to make use of agricultural by-products (FAO 2006b),

it is unlikely in the present case that either of these feeds contributed significantly to

fish growth.

In the study area, the availability of livestock manure for pond use is limited by a

low number of livestock and the competition with other use types such as paddy rice

or gardening within the farm household. Manure from buffalo was by far the most

commonly applied manure in the case study ponds and accounted on average

for 94 % of the total. The dry matter (19.2 % of FM) and nitrogen (N)-content
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(1.4 % of DM) of the buffalo manure used in the case study ponds corresponded to

those reported by Edwards et al. (1994b, 1994a, 1996). Due to the low N-content of

buffalo manure, it was necessary to apply high quantities to ponds in order to reach

the recommended N-rate of 4 kg N ha�1 day�1 (Edwards et al. 1994b, 1996). The

daily loading rates in the case study were lower than 200 g N ha�1, and thus far

below these recommendations. In addition, the relatively high water exchange in

the ponds limited the effect of fertilization.

Usually, higher fertilization is associated with an increase in plankton produc-

tion (Nandeesha et al. 1984; Boyd 1982); however, the amount of plankton biomass

in the case study ponds was generally low, which can be attributed to an inappro-

priate water management system with high flow rates, as there tends to be an

inverse relationship between water flow rates and the abundance of plankton in

the study area. On one side, the high flow rates in the study area caused a flushing-

out of the phototrophic top water layer, whilst on the other side, they increased the

turbidity and inflow of eroded particles, which limited the penetration of sunlight.

The current aquaculture system focuses on grass carp, but grass carp production

has become a risky venture due to the occurrence of diseases that cause high fish

mortality rates (see Sect. 8.2). As long as the diseases identified cannot be prevented

or treated, it seems unwise to focus so much labor and other resources on this fish

species. Further, according to the local fish traders, the local production of common

carp, mud carp, mrigal and rohu is not sufficient to supply the demand of the Yen

Chau market. Increasing the portion of common carp may therefore be a promising

alternative for the farmers. Common carp generally fetch similarly high prices on

the local market as grass carp, and may be reared by farmers themselves, which may

save money and further help them to become more independent of the unreliable

seed supplies provided by the hatcheries. Therefore, Steinbronn (2009) proposed a

“non-grass carp-dominated system” with a species combination that favors com-

mon carp. Despite this, this proposed system still advocates that a certain number

of grass carp should be stocked (e.g., 10 %) in order to utilize the abundant leaf

and grass material and to provide fish feces for fertilizing the pond. Here, small

amounts of green plants of comparatively high nutritional quality should be used to

supplement the feed. Furthermore, grass carp stocked at low densities have shown

extremely high growth rates in polyculture ponds, as investigated by Sinha and

Gupta (1975).

Under the proposed non-grass carp-dominated system, the feed base of the non-

grass carp species would be improved through: (a) an increase in the availability of

natural food and use of a proper water management system, and (b) an improved

supplemental feed based on local products such as maize and cassava. Tuan (2010)

tested different supplemental diets for common carp based on locally available

resources such as meal from cassava, maize and soybean, as well as rice bran. In a

feeding trial, common carp were fed either a control diet (with fishmeal being the

major protein-source) or a diet in which 25 %, 50 % or 75 % of fishmeal was

replaced by these plant-derived resources. Even though fish feeding on the control

diet showed the highest growth rates, the feed costs per fish produced were lowest

in the diet in which 75 % of the fishmeal was replaced by local products. This feed,
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in conjunction with a modified pond management system, was tested in field trials

in collaboration with the Yen Chau farmers (Pucher et al. 2010a). The results of

these trials are presented in Sect. 8.5.

The use of earthworms as a fish feed ingredient has also been found to be a

practicable alternative for farmers. Earthworms have high protein content (71 % of

DM) and can contribute to a significantly improved growth rate in common carp

(Tuan 2010; Pucher et al. 2012b). The use of earthworms is discussed in Sect. 8.8.

8.4 Design of an Improved Aquaculture System for Small-Scale

Farmers

Based on the above analysis of the problems and limitations experienced within the

aquaculture system currently practiced by the Black Thai farmers in Yen Chau

district, and the possibilities outlined, an improved system was designed. The goals

of this system were to reduce the cultural dependency on the use of disease-prone

grass carp, and to increase income generated from fish culture without reducing the

contribution of the pond system to household protein supply. The only species that

can catch and even exceed prices on the market similar to those obtained for grass

carp is the common carp (Steinbronn 2009). The common carp is reared in many

tropical, subtropical and temperate zone countries around the globe, predominantly

in semi-intensive systems. In these systems, natural food is enhanced by fertiliza-

tion and/or liming of the pond, and the natural food is supplemented by feeds

typically lower in protein content than the physiological requirements of the fish

(De Silva 1995), making the fish feed cheaper for balanced diets (Hepher and

Pruginin 1981). Farmers in Yen Chau area have available a number of potential

feed ingredients from other farming activities, such as rice bran and maize; how-

ever, in order to achieve efficient fish production levels with such a low-cost feed,

natural food from the pond must supply sufficient protein and essential micro-

nutrients. This can only be achieved in ponds with controlled water exchange,

which is done to avoid the washing-out of nutrients supplied in the form of organic

or inorganic fertilizers. Such nutrient-rich ponds also provide a suitable environ-

ment for tilapia and small, self-recruiting fish, mollusks and crustacean species to

grow, which then contribute to home consumption. Therefore, the suggested set of

innovations are to control water flow through the fish pond by uncoupling the pond

from the irrigation systems, to dig canals around the pond in order to catch run-off

water from the adjacent upland areas, apply lime, organic (manure) and inorganic

fertilizers, modify the species composition of the fishpond – with fewer grass carp

and more common carp, and apply supplemental feeds at least partly based on on-

farm or locally available resources.
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8.5 Implementation and Evaluation of the Modified Pond

Management System

A modified, semi-intensive polyculture system centered on common carp was

designed, based on an investigation carried out into the traditional aquaculture

system used by the Black Thai farmers (Steinbronn 2009), a determination of the

nutritional value of local resources such as fish feeds (Dongmeza 2009) and the

formulation of cost efficient supplemental feeds for common carp, made mainly

from locally available resources (Tuan 2010).

8.5.1 Implementation of the Modified Pond Management System

The system was tested under field conditions in the Black Thai farmers’ ponds in

the research area (Pucher et al. 2010a, b). The main modifications made are listed in

Table 8.4 and are described in the following section.

For reasons of pond hygiene, systematic aquaculture pond preparation practices

had to be introduced. Steinbronn (2009) described the traditional Black Thai

farmers’ aquaculture as a pond management system with irregular catch and stock-

ing processes. Farmers caught low value fish for household consumption, wherein

stocking times and harvesting of the ponds were dependent on the current workload

and financial situation, and number of fingerlings provided by the traders. Complete

harvests were performed rarely and only a few farmers drained all the water from

their ponds. Consequently, farmers did not know the species’ composition, stocking

density or survival rate of the fish in their ponds. Both the gross accumulation of

organic material and the sedimentation of particles derived from the eroded soils

were frequently observed and reported by farmers in the research area. Under the

modified pond management system, researchers recommended that farmers

completely drain the ponds after each production cycle, plus remove accumulated

sediments and indigestible feed fractions in order to reduce anaerobic bacterial

activity (Sugita et al. 1992), as well as reduce oxygen consumption through decom-

position (Barik et al. 2000), especially that caused by the intensive culture of grass

carp. The ponds’ bottoms then had to be dried out and quick-lime applied.

For the implementation of this semi-intensive pond aquaculture system, several

structural modifications to the ponds were recommended. In the traditional ponds

used in northern Vietnam, water from all neighboring water sources (channels, rice

paddies and ponds) flows into the ponds without any control, either over the water

which flows through openings specially created for the purpose, or over water

flowing in passively through cracks and holes in the dikes (Reinhardt et al. 2012),

or even as run-off from surrounding gardens, fields and forests. Tuan et al. (2010)

reported a yearly run-off of 2.5 % of precipitation for the period May 2009 to April

2010, and an average transport of 6.6 kg (minimum 2.1 kg to maximum 13.2 kg)

eroded soil per m2 per year for upland maize fields, with especially high erosion
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occurring in the spring time when there was very little soil cover and heavy rains

occurred. For rice paddies in the research area, Schmitter et al. (2010, 2011)

reported changes in soil fertility related to the distance of the water inflow in

relation to paddy rice cascades, and explained these differences in soil fertility

and corresponding grain yields as being due to sedimentation of the eroded particles

from the uplands. While eroded particles have a yield increasing effect in rice

paddies, Steinbronn (2009) reported that these particles also inhibit primary pro-

duction in ponds by impairing the penetration of sunlight, even though in her study

both the particles and the water that carried them brought in nutrients and organic

matter. Lamers et al. (2011) reported that in their study both ground and surface

water contained several pesticides that had been applied in the rice paddies and that,

under existing practices in the research region, reached levels that posed serious

environmental problems. As farmers tend to apply pesticides mostly in their rice

paddies, negative impacts on fish, zooplankton, phytoplankton and zoobenthos tend

to be most pronounced in water flowing from these areas, and can thus make fish

consumption risky for human health.

In order to avoid the negative effects of eroded particles coming from

surrounding upland fields and pesticides from neighboring paddy fields, our study

ponds, using the modified management system, were isolated from external water

flows. The dikes used needed to be strengthened against flooding caused by heavy

rains (Schad et al. 2012), and cracks and macro pores in the dikes had to be sealed.

Ponds were equipped with proper pipes for controlling inflows and outflows, with

the outlet pipe situated at the deepest point in the pond so that the water could be

Table 8.4 Modifications made to the pond aquaculture system used for common carp, based on

semi-intensive polyculture practices and corresponding levels of financial or labor inputs. Level of

acceptance by farmers are also shown (Acharya et al. 2011 and own observations)

Activity Reason

Additional

financial/

labor inputs

Level of

acceptance

by farmers

Drying pond Basic hygiene Medium Low

Removing mud Basic hygiene High Low

Minimize anoxia

Installation of pipes Water flow control Low High

Liming Pond hygiene Medium Medium

Reduction of turbidity

Circulating channel Water flow control Medium Medium

Reduction of turbidity

Greening dikes Reduction of turbidity Low High

Common carp as main species Low disease risks Medium Medium

Record book Basic economic calculation Low Low

Dynamic water management Increase of natural feed resources Medium Medium

Minimize anoxia

Chemical fertilization Increase of natural feed resources Medium Medium

Minimize anoxia

Regular pellet feeding Improved fish nutrition High Low
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completely drained for harvests and drying purposes. The constant water flow-

through system was replaced by the periodic exchange of pond water, and channels

were installed around the ponds to inhibit the inflow of run-off waters from

surrounding upland fields. A persistent ground cover was established to stabilize

the pond dikes and reduce the erosive effects of heavy rain. Such ground cover for

upland fields and pond dikes not only minimizes erosion but also increases the feed

base for grass carp and ruminants in the dry season, when green fodder is limited.

The aims of the water management scheme were to reduce the turbidity of the

pond water, thus enhancing primary production, and to reduce the loss of nutrients

caused by flushing out. Every 2–4 weeks, water was fed into the ponds to compen-

sate for seepage, and to minimize turbulence in the pond water, accelerate the

sedimentation of suspended particles and minimize the flushing out of nutrients.

Only clear and clean water was fed into the pond; externally present water was not

used during rains in order to inhibit the inflow of water containing eroded soil

particles. Farmers apply pesticides on their fields in response to the weather, the

occurrence of pests, based upon recommendations from the national extension

service and on the advice of neighbors or family members. As a result, water

was only used to fill ponds at times when no pesticides had been applied above

the ponds.

Steinbronn (2009) reported poor growth among non-herbivore fish species under

traditional pond management systems, and during net cage trials in the research

area Yen Chau district, Pucher et al. (2011a, b) also showed that traditional pond

aquaculture practices were not appropriate for raising common carp due to a limited

natural food base. In this study, pond productivity and natural food availability was

shown to be not sufficient to raise common carp under the traditional fertilization

techniques used and with ruminant manure used in combination with constant water

flow-through. The common carp lost weight without supplemental feeding and

grew only slowly under supplemental feeding – by 3 % of their body mass each

day. However, the fish grew better when chemical fertilizers were applied in

stagnant water (Pucher et al. 2010a, 2011a).

To enable primary and secondary production in water with reduced turbidity,

ponds were fertilized using locally available resources. In certain regions of Son La

province with good market access, Black Thai raise locally adapted pig breeds as

livestock for income generation (Lemke et al. 2006), and Kumar and colleagues

reported pig manure to be a better organic fertilizer than ruminant manure (2004a, b,

2005b), while in our research area (Yen Chau district), Steinbronn (2009) reported

pig manure to contain less crude protein than ruminant manure due to the poor feed

base of pigs. As only a few households kept pigs, pig manure was applied in small

quantities during trials in the research area, with organic fertilization performed

through the application of cow and buffalo manure and through the stocking of grass

carp (stocked at a density of 10–20 % of the carp polyculture). Several researchers’

studies reported that stocking grass carp had a significant impact on the fertility of

ponds by enhancing decomposition rates and directly releasing nutrients from the

undigested leaf parts used as feed (Tripathi and Mishra 1986; Kumar et al. 2005b;

Pomeroy et al. 2000). Urea and single super-phosphate, which are available in the
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region and used by farmers in the upland fields, were also used in these studies, with

organic and chemical fertilizers applied at an N/P ratio of about 3:1. The amounts of

fertilizer used were varied according to the on-farm availability of organic fertilizer,

as well as current ammonia, total nitrogen and total phosphorus concentrations in the

pond. The total amounts applied were calculated to provide 1.0 ppm total nitrogen

and 0.5 ppm total phosphorus (Kumar et al. 2004a).

Under the traditional carp polyculture system of northern Vietnam, grass carp

has been reported to be the main species (Steinbronn 2009; Kumar et al. 2005a, b;

Tripathi and Mishra 1986); grown to augment the internal nutrient recycling

processes of the ponds, and can be raised cost efficiently with the use of on-farm

resources (Kumar et al. 2005b; Pomeroy et al. 2000).

Farmers in the research area reported the occurrence of a disease specific to grass

carp after 1996 (Steinbronn 2009), one which led to mass mortalities in the region.

In order to reduce the risks of farmers being impacted by the grass carp disease,

grass carp was replaced almost entirely by common carp within the traditional carp

polyculture system, and was then stocked only as a supplementary species. In this

region, the common carp is considered a suitable principal species, because it is

well accepted as food and fetches a good price on the local market, a price similar to

that of grass carp. Farmers are familiar with its habits and ecological requirements

and it is readily available from local traders as fingerlings for stocking, or can be

reproduced naturally in farmers’ ponds. Ponds were stocked at a density of 1.5 fish

per m2 as recommended by Rahman et al. (2008b), with common carp eventually

accounting for around 50 % of fish stocked in the area. Other carp species (such as

silver carp, bighead carp, mud carp, grass carp) and also tilapia – all important as a

supply of animal protein for domestic consumption, were stocked to similar levels.

8.5.2 Implementation of a Modified Feeding Regime

The common carp is an omnivorous fish and prefers to scavenge pond bottoms in

search of benthic organisms like oligochaetes, nematodes and insects, but is also

capable of digesting zooplankton, plant derived diets and detritus (Rahman et al.

2008a). Common carp in carp polyculture systems has been reported to increase the

bio-availability of nitrogen and phosphorus through its scavenging activities, which

increase bioturbation and recirculate sedimented nutrients (Rahman et al. 2008b;

Jana and Sahu 1993; Milstein et al. 2002). This stimulates primary production

(Chumchal and Drenner 2004) and the accumulation of nutrient in plankton

(Rahman et al. 2008a), but also increases turbidity by recirculating sedimented

material (Chumchal et al. 2005).

Due to the ability of common carp to utilize carbohydrates for their energy

requirements (Kaushik 1995; Ufodike and Matty 1983) and to digest plant-derived

proteins for their anabolism (Degani et al. 1997), only a small amount of animal

derived protein is required in the diet of common carp to supply essential amino

acids. Sulphur containing amino acids are most essential for fish, as the acids are not
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abundant in plant proteins and cannot be synthesized. In all animal diets, the most

costly and limiting ingredient is animal derived protein, due to its high essential

amino acids content. As a consequence, a challenge in the future will be to

formulate feeds in which animal derived proteins are replaced by plant proteins

or other sources of protein, and to increase the utilization of energy derived from

lipids and carbohydrates in the feeds.

In intensive aquaculture, fish diets must be formulated to meet all requirements,

as the feed provided is the sole source of energy and anabolic units for the fish. In

semi-intensive fish culture systems on the other hand, the supplemental feed used

should be formulated to increase the utilization of the natural food items by

supplying limiting macro- and micro-nutrients. For common carp under semi-

intensive feeding regimes, energy has been shown to be the first growth limiting

factor (Pucher et al. 2011a, b; De Silva 1995) and must be supplied by supplemental

feed to reduce the utilization of animal derived proteins from natural food resources

(zoobenthos and zooplankton) as an energy source. The second limiting factor is the

quality of protein in the supplement feed.

Artificial fish feeds can be offered in different forms: dough, powder and sinking

or floating pellets (Tacon and De Silva 1997). Dough and powders require less

technical input and are cheap to prepare, but their use is often associated with high

losses of nutrients via leaching and a general loss of feed due to ineffective feed

uptake. In contrast, the preparation of sinking and floating pellets demands a higher

technical input but enables more effective feed uptake by the fish and results in less

nutrient leaching into pond water. The use of pellets also means that all the required

nutrients are delivered at the same time, which is not possible using powders and

dough where single feed ingredients are suspended in the water or float on the

water’s surface. In the study area of Yen Chau district, we tested sinking pellets as

supplemental feed. Production of the pellets required a medium level of technical

input and the pellets sank down to the bottom of the pond, which suited the feeding

behavior of the target species (common carp) and partly prevented other species

from consuming the supplemental feeds.

It is essential for resource-poor farmers in rural upland areas to use feeds for

aquaculture that help give the highest level of profit. The most profitable feed

formulation is not necessarily the one that leads to the highest growth rate, since

more digestible ingredients are often more expensive. Given that fishmeal prices

continue to rise in the rural markets of Vietnam, one study feed with an effective

fish meal replacement (Tuan 2010) was introduced to cooperating farmers in the

research area of Chieng Khoi commune and tested in pond trials. Abdelghany and

Ahmad (2002) evaluated a daily supplemental feeding rate of 2.7 % of total fish

biomass in a polyculture stocked with more than 50 % omnivorous fishes, and at a

stocking density of 2.2 fish per m2, which was considered optimal for fish and

income production. In Chieng Khoi commune, Pucher et al. (2010a, b) adjusted the

amount of feed offered to 6 % of the common carp biomass per day each month,

under the assumption that growth of the common carp would be proportional to the

growth of all the species present. Pretests showed that it was not possible to catch a

8 Improved Sustainable Aquaculture Systems for Small-Scale Farmers . . . 299



representative number of all stocked species without significantly disturbing pond

turbidity; therefore, the primary species, common carp (50 % of all stocked

species), was used as an estimate of the total fish biomass.

In Chieng Khoi commune, farmers were advised to split the daily feed into two

portions; once in the morning and once in the evening (Rahman and Meyer 2009),

but when the farmers were very busy they could only feed the fish once a day.

Feeding in the evening only was thus recommended, because water oxygen levels

in the morning tend to be low.

In our study in Chieng Khoi district, the method of application used for leaves as

feed for grass carp was also modified. It had been observed that the farmers’ normal

practice was to feed cassava, banana and maize leaves complete with stems,

branches and middle ribs, introducing large amounts of indigestible organic matter

into the pond, and thus reducing the oxygen level by decomposition processes.

To reduce the organic load experienced at the bottom of the ponds, farmers were

advised to feed only those parts of the leaves known to be eaten by grass carp.

In order to improve the ability of farmers to calculate the investments and

benefits of aquaculture as a farming activity, they were given a book in which

they recorded all body masses, as well as the amounts and costs of inputs such as

fingerlings, feeds and fertilizer, labor, time and water flows, plus outputs such as the

number and mass of fish caught and other pond products. Dead fish or abnormal

behavior among fish was also recorded. This practice gave farmers an overview of

the input–output data, current stocking densities, species composition, and the

survival and growth rates of different species, and so helped them to appreciate

the financial benefits of aquaculture as a farming activity. Dung and Minh (2010)

recommended that this kind of simple record book should be used in all farming

activities, so that farmers can compare different land uses and farming activities and

use it as an aid to their decision-making.

8.5.3 Evaluation of Implemented Modifications in the Pond
Management and Feeding Regime

Ponds under the traditional management system had a high variability in water

quality (Pucher et al. 2010a; Steinbronn 2009) which was greatly influenced by the

surrounding land use types and also water exchange. Heavy rain storms in particular

rapidly changed the water quality, resulting in higher turbidity, and high ammonia

levels sometimes above 1 mg NH4-N l�1 in the spring and autumn. In addition to

introduced sediments, Steinbronn (2009) noted that there was a tendency for water

inflow rates and plankton densities to be negatively correlated because ponds were

designed with overflow as the only water outflow, meaning water was only ever

removed from the top layer of the pond. However, this top layer is the most

productive water layer of a pond as it contains most of the phototrophic plankton

and is thereby the main source of oxygen and the base of pond productivity.
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Depending on the source of water, the surrounding land use and soil types, ponds

in the research area showed a high variability in terms of water quality, natural food

availability and hence in the level of fish production and financial benefits to be

gained from the aquaculture activities. Unsuitable water quality elements such as

water temperature (Sifa et al. 2002; Cagauan 2001; Black 1998; Alcaraz et al. 1993;

Chervinski 1982), water oxygen (Black 1998; Ross 2000) and water pH (Svobodova

et al. 1993) levels were shown to have a negative effect on fish growth. Especially

within extensive and semi-intensive aquaculture systems, fish growth is correlated

with the availability and abundance of natural food resources (Rahman et al. 2008b;

Muendo et al. 2006; Schroeder et al. 1990; Spataru et al. 1983; Kolar and Rahel

1993; Pucher et al. 2011b), and both water quality and the availability of natural food

are primarily or secondarily affected by the suspended particle load. During the

research in Yen Chau district, ponds with maize and cassava fields on yellow soils in

the watershed above and fed by rain water, showed a distinctly higher suspended

solids load than ponds located on the rice paddy plateaus and fed by reservoir water.

Under the modified pond management system, a reduction in turbidity was obtained,

leading to higher primary production activity levels and with higher oxygen produc-

tion peaks during the day (Pucher et al. 2010a). Oxygen limitations occurred in the

morning, similarly to those observed under the traditional pond management system.

This suggested better primary production activities, resulting in higher oxygen

production during the day but also higher oxygen depletion at night. Nevertheless,

higher primary production levels stimulated by fertilization and reduced water flow-

through resulted in a greater abundance of natural food resources and provided

more support for growth, especially of the filter-feeder fish species such as silver

carp, bighead carp and tilapia. Also, grass carp under the modified pond manage-

ment system showed a higher growth rate than under the traditional system,

indicating a better feed base of natural food due to lower stocking densities (Sinha

and Gupta 1975) and consumption of pelleted supplemental feed which was

intended to feed common carp. All stocked species under the semi-intensive pond

management system, such as the common carp, grass carp, silver carp, bighead carp

and tilapia, showed significantly higher specific growth rates (in %), of 2.6 � 0.2,

2.4 � 0.3, 2.5 � 0.1, 2.9 � 0.2, and 3.4 � 0.6 respectively, and when compared to

those under the traditional management system, which were 1.8 � 0.1, 1.9 � 0.7,

1.7 � 0.0, 2.0 � 0.0, and 2.5 � 0.4 respectively (Pucher et al. 2010b). Net produc-

tion (in kg/1,000 m2) over the 7 months of the trial under the traditional pond

management system was 87.4 � 43.6, with 36.8 � 18.8 for grass carp, 4.3 � 5.5

for common carp, 16.7 � 3.8 for silver carp, 8.3 � 4.4 for bighead carp and

16.1 � 15.4 for tilapia (Pucher et al. 2010a, b). Net production (in kg/1,000m2)

under the semi-intensive management system was 227.5 � 41.6, with 45.5 � 11.8

for grass carp, 35.8 � 12.7 for common carp, 60.8 � 2.8 for silver carp,

39.6 � 13.0 for bighead carp and 35.7 � 21.9 for tilapia. All fish species, except

grass carp and tilapia, had significantly higher production levels under the semi-

intensive than the traditional pond management system. The level of production

for the common carp was relatively low under the semi-intensive management

system, which could be explained by a low recovery rate for the fish of around
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38 %. Under the traditional pond management system, the recovery rate for the

common carp was around 20 %, and; therefore, even lower. As under the semi-

intensive pond management system, the average specific growth rate for the com-

mon carp was 2.4 %, while under the traditional pond management system it was

significantly lower at1.9 %. This may have been caused by high inter-specific and

intra-specific competition for the supplemental feed pellets and natural food

resources, especially for the macro-zoobenthos. It may also have been caused by a

reduction in the genetic variability of the fish hatchery populations due to

inbreeding, and this was mentioned by farmers and has been described as typical

for rural hatchery brood stock populations (Kohlmann et al. 2003; Eknath and Doyle

1985) resulting in a low growth potential or a suppression of the immune defense

system. In Son La province, most fish seed is produced either in the Son La city

hatchery or transported from hatcheries in Bac Ninh province (approximately

300 km away from the research area). In contrast to reports from local farmers in

Son La province (Steinbronn 2009; Thai et al. 2006), Thai et al. (2006) found that the

common carp population at the Son La city hatchery exhibits greater genetic

diversity than the three experimental lines at the Research Institute for Aquaculture

No. 1 (RIA 1), or in the wild populations of Vietnamese common carp. Thai et al.

(2006, 2007) attributed this finding to the successful dissemination of imported

genetically improved stocks. The findings of Thai et al. (2006, 2007) indicated

that the poor growth of common carp reported by farmers in Son La province was

caused by a poor feed base and low water quality.

Despite the low growth rate among common carp in the field trials, the modified

pond management system did lead to significantly higher fish production levels

overall (on average 4.5 times higher) and less variable financial net benefits from

aquaculture activities when compared to farming activities (Pucher et al. 2010a).

This was a result of the use of higher quality resources as feed inputs and of the

introduction of measures to increase primary production. Financial net benefit

accounted for 367 � 133 USD per 1,000 m2 of pond under modified management

for a year, and 83 � 356 USD per 1,000 m2 of pond under traditional management

for a year (based on local prices from 2009; 1 USD ¼ 18,000 VND, leaf material

was not taken into account). Both fish production levels and financial net benefit

showed a very high variability under the traditional pond management system,

caused by different environmental land use conditions surrounding the ponds

(Pucher et al. 2010a; Steinbronn 2009). Under the modified pond management

system, the uncoupling of the pond from the surrounding land use activities through

the minimizing of water inflows into the pond, resulted in a lower variability in

terms of both fish production levels and financial net benefits across ponds.

The acceptability of the overall modified pond management scheme in the

research area, as well as the improvements implemented by the Black Thai trial

farmers are discussed in Sect. 8.6. For the farmers, there are several areas of

uncertainty associated with the use of the modified pond management which

might impact their level of acceptance of such a system, such as the need for

constant investment in higher quality feeds, especially the expensive, high protein

feed ingredients like fish meal and heated soybean meal. There is some evidence
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supporting the use of earthworms found in on-farm waste in the research area

(Müller et al. 2012), and these could be used as a feed ingredient in order to reduce

the costs of providing supplementary feed (Pucher et al. 2012b), and; therefore,

increase the net benefit, reduce the constant financial input and reduce the risks

associated with the adoption of the modified pond management system. These

further innovations are discussed in more detail in Sect. 8.8.

In over-fertilized ponds there is an increased risk of algae blooms and die-offs

resulting in complete oxygen depletion, and as a consequence, the risk of losing any

financial investments in fish stocks is higher than under the traditional management

system. Furthermore, by using common carp as the main species in the modified

system, there is the risk of these fish being affected by diseases such as the Koi Carp

Virus CyHV-3, which was recently identified in the brood stock of the Son La

hatchery (Richard Mayrhofer, personal communication).

To minimize the risks involved in the adoption of a modified pond management

system, further research, either off-farm or through farmers using participatory

methods, should be conducted, especially with regard to fertilization schemes

adapted to local soil conditions and water sources. Further research is also required

on alternative feed ingredients of a high protein content, the details of which will be

discussed in Sect. 8.8.

8.6 Farmers’ Perceptions of the Proposed Innovations

in the Aquacultural System

The previous section presented a potential solution using a modification of the

existing pond and feed management practices, a modification which showed some

promising results – with a significant potential to improve the household incomes

derived from aquaculture. Building on these insights, this section follows upon how

farmers perceived the proposed set of innovations, in order to provide important

information in support of further expansion of such practices to the wider farming

community.

Traditionally, information about improvements in farming activities in the

research area has been exchanged horizontally between friends, neighbors and within

the family (Acharya et al. 2011; Schad et al. 2011). This was confirmed by farmers

who said that the various state extension services (see also Chap. 11) were rarely

reliable sources of information regarding new technologies, nor did they provide

much support how these technologies could be applied to the specific mountain

environment. Informal information channels- like the ones mentioned above – are

regarded as more valuable sources of information as they provide more applicable

knowledge. More recently, TV and private shops have become supplemental infor-

mation sources, especially on the subject of new technologies. These sources;

however, were criticized by farmers for not often providing information applicable

to the uplands context, as they are rarely adapted to the local environmental
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conditions in such areas. For example, these information sources do not take into

account the state of the local markets for inputs and outputs, the education levels of

the farmers, nor the availability of resources such as the fingerlings of new species,

high quality feed ingredients, lime or agricultural machinery suitable for the local

farmers’ fields.

When introducing new technologies into rural areas, any modifications must be

based on existing indigenous knowledge (Hoffmann et al. 2009); furthermore,

locally available resources should be used wherever possible and access to essential

resources must be assured to minimize discouraging failures by innovative farmers

who have adopted a particular technology.

In the aquaculture sub-project of the Uplands Program, several modifications to

the traditional aquaculture system were developed and tested, with Table 8.4

showing the level of acceptance of farmers during the action-research pilot trials

for the single modifications. The majority of modifications were made in response

to the problems and needs mentioned specifically by farmers (Steinbronn 2009),

and this approach is broadly in line with the philosophy of participatory innovation

development (Rai and Shrestha 2006).

Modifications were kept simple and were based on locally available knowledge

and physical resources (as was outlined in Sect. 8.5). All developed modifications

were tested on-farm in farmers’ ponds under the supervision of the farmers them-

selves, and all trials were conducted in pairs of neighboring ponds receiving

water from different water sources. Pilot farmers were selected based on the

water sources of the ponds and the willingness of both the farmers and their

neighbors to collaborate.

Summarizing the trial set-up described in Sect. 8.5, the following key strategies

were combined and tested by farmers as a package for systematic innovation:

1. Reducing turbidity in ponds through the control of water flows and fertilization,

thereby increasing both oxygen production and natural feed resources

2. Lowering the risk of mass mortalities from grass carp disease by improving basic

pond hygiene

3. Introducing semi-intensive polyculture of the common carp with supplemental

feeding, and

4. Keeping daily records of pond inputs and outputs to enable an economic analysis

of pond aquaculture and to estimate basic feed conversions.

A farmer’s willingness to adopt an innovation or modification is, typically,

inversely correlated to the financial or labor inputs required (Reardon 1995), and

also depends on the level of understanding of the farmer, on his or her trust in the

profitability of the innovation and on the innovation being introduced at an appro-

priate time. Rogers (2003) identified still more factors that determine whether an

innovation will be fostered or whether the probability of its adoption will be

limited. This section focuses on the criteria which were found to be the most

decisive in this context.

Farmers considered low cost modifications aimed at improving their control over

water inflows and lowering the turbidity of the pond as a means of reducing the risk
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of fish diseases occurring. These modifications were widely implemented, for

farmers had observed that the mortality and morbidity rates among grass carp

were linked to turbidity in the ponds, especially after heavy rain. However, these

modifications were not understood as measures that would increase primary pro-

duction levels. Though farmers consider green water as being better for fish culture

than turbid pond water, most farmers do not know that greener water is linked to

higher natural food resources and higher oxygen production levels. Farmers have

traditionally applied organic fertilizer, such as buffalo manure, which is seen as a

direct feed source for the fish rather than a means of supporting the development of

green water. In addition, a basic knowledge of biology and nutritional requirements

of the cultured fish species is very sparse; farmers usually do not know the specific

feed resources available for the different stocked fishes under their traditional

polyculture system, except in the case of fish such as grass carp, which feed directly

on the materials applied by the farmers themselves. Natural food resources such as

phytoplankton, zooplankton and zoobenthos, and their importance for each specific

fish species, are generally not understood. Consequently, investment in the chemi-

cal fertilization of ponds is not seen by farmers as a means of providing internal

food for the fish and is, therefore, not accepted.

Owing to the limited financial savings to be found among most Black Thai

households, regular expenditure on farm resources with a market value, such as

chemical fertilizers or ingredients for the preparation of pellets for daily feeding

activities, is generally only adopted by the better educated and wealthier farmers,

whose incomes are more stable than those of the typical Black Thai households, and

who are, moreover, willing to invest in innovations that concentrate on aquaculture.

Another important factor limiting the adoption of the proposed modification to

the system is the almost total absence of record-keeping, for farmers rarely keep

track of basic labor times and expenditures, nor of (non-)marketed outputs, in order

to calculate overall financial benefits. These deficiencies in book-keeping make it

impossible for farmers to compare losses against gains for a single farm activity, or

to carry out overall cost/benefit calculations.

Furthermore, the ability of farmers to adopt new technologies and adapt them to

local circumstances is limited by a lack of both basic biological and economic

understanding.

In the pilot study, application of the entire set of proposed modifications was

shown to multiply the financial net return from pond aquaculture when compared

with the traditional system (Pucher et al. 2010a), thereby, turning local aquaculture

into a semi-intensive and more valid business. However, these modifications were

seen as a rather radical innovation for Black Thai farmers (Acharya et al. 2011),

because they require a constant investment of time and financial resources, which

does not fit well into the seasonal pattern of work and budget of a typical Black Thai

household. During the 3 years of collaboration, farmers had the chance to acquire

knowledge on aquaculture through practically daily contact with researchers, as

well as during workshops held on fish biology and general aquaculture. But it was

only the trial farmers who chose aquaculture as one of their key farming activities

that showed an increase in knowledge and disseminated it to their peers, whilst,
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on average, the collaborating farmers did not learn significantly more than the

non-collaborating farmers (Acharya 2011; Hoffmann et al. 2009).

This is remarkable given the fact that in general it was observed that many Black

Thai farmers showed great interest in making improvements to their aquaculture

practices, though these were generally the few better-off and higher educated

farmers, those who might also be considered “local innovators”. The interest of

these farmers was especially attracted to the feed production machines and the

technologies used for introducing the intensive production of high-priced aquacul-

ture species, as shown and advertised on TV and applied by lowland fish farmers.

Several better-off farmers showed great willingness to invest in the improved

aquaculture by, for example, digging new ponds, integrating earthworm culture

into their farming system and/or by buying feed processing machines. In the past,

farmers adapted rapidly to changes in local markets and adopted ‘cutting edge’

technologies aimed at intensifying single farming activities (e.g., hybrid maize

varieties, paddy rice and the use of pesticides). These innovations were promoted

by governmental agencies and farmers changed their farming systems towards less

integrated and less sustainable farming ventures, adopting farming activities more

likely to give higher levels of food security and greater financial benefits (Friederichsen

2008). Without governmental programs in place, only the better educated and finan-

cially well-situated farmers might be expected to further invest in aquaculture and

become the precursors of innovation. It is hoped that the introduction of new machines

into rural markets may promote this development.

8.6.1 Recommendations for Future Innovation Dissemination

In summary, better-off and more educated farmers in the study area are more likely

to introduce improvements and invest in aquaculture in the future, and as a

consequence, the introduction of aquaculture innovations must be accompanied

by adequate education programs, those well adapted to the local context and aimed

at farmers who are interested in changing their aquaculture practices into more

beneficial farming activities. As well as educating the ordinary aquaculture farmer,

such initiatives would increase the knowledge base of local innovators, who could

then adopt an even stronger role as exemplary models for other farmers. Ongoing

soil degradation might increase the willingness of farmers to change their current

farming systems and may guide them towards greater investment in aquaculture as

an alternative and relatively land independent farming activity. Catastrophes such

as plagues, floods and droughts may also increase the willingness of farmers to

invest in new farming ventures in the future.

In order to promote local aquaculture and enable its development in the medium

term, an adequate supply of fingerlings of the cultured species, raised under modern

and hygienic management systems, must be assured and trading access given to

essential resources and products. Once an innovation is adapted to local conditions

and widely introduced into a rural area, a strong information and extension effort
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has to be made to reach out to all farmers. If poor farmers are to gain from these

innovations, new institutional arrangements such as ‘share-cropping’ or ‘producer-

associations’ have to be developed, adopted and directed towards more concerted

action in aquaculture.

8.7 Disease Management

For more than 10 years, grass carp populations in almost all the northern provinces

of Vietnam have suffered from high mortality rates of up to 100 %, due to unknown

pathogens and/or exogenic factors. In Vietnam, the diseases show a seasonal

pattern, occurring mainly at the beginning (March to April) and end (October to

November) of the wet season, the worst being Red Spot Disease (RSD) which leads

to hemorrhagic changes and the appearance of ulcers on the skin of the diseased fish

(Van et al. 2002).

Between 2008 and 2011, the Uplands Program research area in Yen Chau district

was visited six times as part of an epidemiological study and to collect samples.

In total, 197 fish were sampled, including 76 grass carp with clinical signs,

50 control grass carp without symptoms, plus 37 diseased, as well as 34 apparently

healthy control fish from other species.

Beside the main symptom of hemorrhagic changes and ulcers on the skin, other

clinical symptoms such as a darkening or bleaching of the skin, a loss of scales,

hemorrhagic intestines, necrosis of the gills, exophthalmia or enophthalmia,

and erratic swimming behavior, were found in some of the diseased fish without

red spots.

Parasitological examinations employed during the dissection of the sampled

fish revealed moderate infestations of ectoparasites. Monogenean trematodes

like Dactylogyrus sp. and Gyrodactylus sp., ciliata including Trichodina sp. and

Ichthyophthirius sp., flagellate such as Ichthyobodo sp. and Lernaea sp., and a

copepod crustacean were detected. Most of the parasites found on the grass carp do

not kill healthy fish under good environmental conditions, though Ichthyophthirius
sp. can lead to high mortality rates among grass carp and other fish species

(Uzbülek and Yildiz 2002; Elser 1955; Wurtsbaugh and Alfaro 1988), but this

was detected in only three sampled grass carp at a moderate level of infestation.

Therefore, the high mortality rates among grass carp in the research area were not

primarily attributable to parasites; however, the presence of external parasites could

be considered a predisposing factor for the entry of secondary invading bacteria due

to micro lesions or injuries to the skin and gills (Liu and Lu 2004; Xu et al. 2007;

Busch et al. 2003; Berry et al. 1991).

Different bacterial species were isolated from the diseased grass carp using

conventional bacteriological techniques and were identified morphologically and

biochemically as motile Aeromonads, Flavobacterium columnare, Vibrio sp. and

Pseudomonas sp. (Mayrhofer et al. 2011). These bacteria are well known faculta-

tive fish pathogens, able to cause the characteristic RSD symptoms.
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Epidemiological investigations in the research area revealed predisposing and

stress factors such as rapid changes in water temperature, high turbidity levels and

low oxygen concentrations in the water (Steinbronn 2009); handling stress, malnu-

trition (Tuan et al. 2007), pollutants such as pesticides (Steinbronn et al. 2005) and

the presence of detergents, all of which tend to suppress the immune systems of the

fish and facilitate bacterial infections.

Virological investigations were performed using different fibroblastoid and

epithelial cell lines, but no specific viruses related to grass carp mortality were

found. The same results were also obtained by testing the samples against fish

viruses related to Red Spot Disease, such as Grass Carp Hemorrhagic Virus

(GCHV) (Qiya et al. 2003) and Rhabdovirus (Ahne 1975) utilizing universal and

specific primers with polymerase chain reaction assays.

Furthermore, the presence of Aphanomyces invadans, an oomycete that is known

to produce hemorrhagic changes in the skin and high losses in several fish species

(OIE 2009), was not detected by Polymerase chain reaction (PCR) in any of the

sampled fish.

From the results here it can be concluded that the grass carp disease in Yen Chau

district in the north of Vietnam is a multifactorial disease which seems to be caused

primarily by bacterial agents. It is known that most of the opportunistic bacteria,

like that isolated from the fish samples, are able to affect fish only under poor

environmental conditions such as high temperatures, a lack of oxygen, water

turbidity and other factors that cause stress. Commonly used pesticides washed

into the water can depress the immune system of the fish, leading to a decreased

ability to fight disease (Shea and Berry 1984). In the research area, Anyusheva et al.

(2012) measured the levels of pesticides in the water of ponds and rice fields

considered toxic for common carp and Daphnia magna. It was found that pesticides
were often transported from paddies into fish ponds shortly after pesticides had

been applied on the rice paddies, due to high flow rates specific to the research area.

Due to the fact that isolated bacteria are ubiquitous opportunistic pathogens,

it is recommended that the environmental conditions the fish live in should be

improved, because stressors predispose fish to suffer from bacterial borne diseases

(Snieszko 1974; Ahmed and Rab 1995).

As a control measure, the conditions under which most fish are cultured and

reared in the research area must be improved, and on this some general advice can

be given in order to reduce the mortality rates found among grass carp. The regular

exchange of water, as well as fish between the ponds, must be reduced or stopped

completely to avoid the possibility of carrying over pathogens either via the water

flow or via the fish. Stopping the water inflow will also reduce the turbidity of the

water, and in cases where ponds are surrounded by steep slopes, it is advised that

ditches should be dug around them to avoid sediments, pesticides and fertilizers

being washed in after heavy rains. Removing mud from the bottom of the ponds,

which contains large amounts of decomposing organic material and bacteria that

contribute to oxygen depletion, would also be beneficial – increasing oxygen
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concentrations in the water. The use of washing powder in streams that enter the

ponds should also be avoided and, while pesticides are being applied, the channels

that connect paddy fields and ponds should be closed. To avoid the oral intake

of pesticides, weeds from treated paddy fields should not be used as fish feed

(Pucher et al. 2012a). In a comparative trial by Pucher et al. (2010a), improved

management practices had a positive effect on the recapture rate of grass carp, even

though no disease occurrence was observed over the 7 months of the trial. Under the

traditional pond management regime, 42 � 24 % of the stocked grass carp could

not be recaptured, while under the modified management regime this figure was

26 � 21 %. However, it is not known whether the better survival rate under the

modified pond management system in this study could be attributed to better water

quality, a better feed base or a lower stocking density for the grass carp.

8.8 Outlook for Further Innovations in Upland Aquaculture

and Conclusion

This chapter described the local traditional pond management system used by the

Black Thai households in Yen Chau district, and the importance of pond aquacul-

ture for the group’s food security and income generation. Given the limitations of

this traditional aquaculture practice, a modified pond management system was

designed, introduced into the research area and tested under local field conditions

during action-research pond trials. During the trial, local fish production levels

increased due to a change in the water regime and the use of higher quality inputs.

Higher financial inputs into feed resources, as funded by proceeds from the harvest,

led to greater net benefits being gained from aquaculture. However, the level of

acceptability of this set of innovations to the local farmers was limited due to the

need for constant financial inputs to be made (such as feed ingredients and

fertilizers), as well as the additional knowledge required on feed preparations,

feed ingredients storage, and feed and fertilizer handing. Better market access,

both for trading pond products and for buying pond inputs, was also highlighted as a

requirement. Aquaculture was named by only a few farmers as their main farming

activity and most practiced aquaculture as a financial low-input farming activity

and preferred to financially invest in other land uses, such as maize, paddy rice

and cassava. To overcome the financial constraints in adopting aquaculture

innovations, farmers may need financial assistance from microcredit facilities or

farmer co-operatives, plus they may need additional information via extension

systems or fish farmer schools regarding good aquaculture practices in relation to

marginal upland areas.

Further adjustments to the modified pond management system, those introduced

to suit farmers’ requirements, may also be needed. Firstly, the level of financial

inputs required to introduce the new system must be reduced. During animal

production activities, feed is generally known as the main expense, especially in
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the case of high protein feed ingredients, and the high protein feed ingredients used

in these trials were heated soybean meal and fishmeal. However, to date, the

availability of these ingredients has been limited in the research area, as it has

across the marginal uplands, so there has been little demand. Even though

Vietnamese markets are known to react rapidly to changing conditions, the demand

for these resources will probably remain low in the future, because these feed

ingredients are relatively costly in the local market and globally. Therefore, farmers

are unlikely to invest in this fishmeal based fish feed, even though it would be to

their net benefit. In the meantime, it is more than likely that competition for

fishmeal will increase over time, both in Vietnam and worldwide, and prices will

thus rise still further as fishmeal becomes a limited resource. To avoid fishmeal

expenses, the use of earthworms is a promising alternative. The study here showed

that an average household of Black Thai farmers in the research area produces

enough organic waste to consider earthworms as a replacement for fishmeal in

terms of supplemental feed (Müller et al. 2012). Earthworm meal was shown to be

able to partly replace fishmeal in the diets of common carp under laboratory

conditions (Tuan and Focken 2009), while under pond conditions, no significant

difference was found between the performance of fish diets containing fishmeal or

those containing earthworm meal, due to the simultaneous consumption of pond

products such as zooplankton and zoobenthos (Pucher et al. 2012b). Further

research is needed; however, in order to consider making technical modifications

to the vermiculture techniques used, such as improving the worm harvest, develop-

ing optimal techniques for the use of worms in aqua-feeds, and carrying out

investigations into the alternative on-farm organic materials that could be used.

Fertilization using organic and inorganic fertilizer in static water requires the use

of an optimal fertilizing scheme to help reduce the risk of nutrient accumulation

in the sediments and of algae mass blooms and algae mass die-offs occurring.

A precautionary fertilizing scheme adapted to local soil, climate and water

conditions is needed for diluting pond water in cases of emergency, especially in

areas with limited water resources.

Another possible innovation relates to the supply of common carp for stocking

the fish ponds. Currently, common carp partly originate from hatcheries and partly

from spontaneous reproduction within the fish ponds. Spontaneous reproduction of

common carp and tilapia is unpredictable in terms of timing and outcomes; there-

fore, farmers have little advance information on their fish stocks and fish may be

rather small at the end of the annual growing season, resulting in high mortality

rates during the cold months. Some farmers could produce common carp fry on

their own, by adapting the system of spawning ponds (Dubisch ponds) practiced in

Europe for more than a century. This would allow the local production of common

carp fry and fingerlings, and thereby, help farmers to stock their ponds according

to their own demands; not governed by the erratic supply provided by the traders.

By supplying farmers with good, virus-free brood stock, such decentralized fry

production techniques could help to avoid the spread of CyHV that occurs when

using the provincial hatcheries (see Sect. 8.5).
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